A rat growth and balance study was conducted to determine the protein quality and digestibility of the cooked spathe and spadix. Twenty-four (24) weanling male wistar rats were distributed in four groups of six elements. Test groups received respectively spathe-based, spadix-based and spadix + spathe-based diets. Each protein product was fed as the sole source of 10% dietary protein. The evaluated biological parameters were protein efficiency ratio (PER), net protein ratio (NPR) and true protein digestibility (TPD). The cooked spadix contained higher values of crude lipid (10.8% DM), crude protein (18.73% DM), and crude fibre (34.47% DM) while spathe had higher values of crude ash (9.26% DM), cellulose (8.20% DM), phytate (0.06 mg/100 g DM), cyanide (0.25 mg/100 g DM) and total oxalate (880.0 mg/100 g DM). Spathe showed significantly (p < 0.05) a lower PER (1.00), NPR (1.42) and TPD (53.00%) compared to spadix. Spadix+ spathe mixture showed the highest values of PER (1.76), NPR (2.11) and TPD (60.72%) compared to spathe and spadix separately, though there was no significant difference (p > 0.05) between the TPD of spadix and spadix + spathe mixture. The presence of higher levels of cellulose, phytate and hydrocyanide in spathe could have been responsible for the lower protein digestibility and quality observed.
INTRODUCTION
Colocasia esculenta var. antiquorum (or eddoe type or Japanese type) is a varietal type of Colocasia esculenta which produces a small to medium-sized corm and numerous cormels (Agbor-Egbe, 1991) . It consists of a central corm from which cormels, roots and shoot arise (Onwueme, 1999) . The shoot consists of a large leaf lamina, an erect petiole and flower (though flowering is occasional). The flower consist of a spathe (20-40 cm long) enclosing a spadix (6-14 cm long) which contains unisexual seeds (Wilfred, 1999) .
In Cameroon, rural dwellers use the flower of Colocasia esculenta var. antiquorum as a thickener in soups and as vegetables. Leaf vegetables are known to be rich in mineral elements, vitamins and proteins (Aletor and Adeogun, 1995) .The protein quality of leaf vegetables is constrained by amino acid composition and intrinsically present anti-nutritional factors (Frake and Sharma, 1986; Aletor and Fetuga, 1988; Aletor, 1993; Aletor and fasuyi, 1997; Oguntona, 1998; Kannan et al., 2001; Sarwar et al., 2005) . The flower of Colocasia esculenta var. antiquorum contained significant amounts of nutrients (Ejoh et al., 1996; Agbor et al., 2005) . Agbor et al. (2005) discovered that spadix of flower contained more crude lipid, crude protein and crude fiber than the spathe. However, different parts of a plant can have different nutrient contents and nutrient bioavailability (Hume and Purser, 1975; Ru and Fortune, 2000; Sundriyal and Sundriyal, 2004; Ebianadon et al., 2009) .
Ignorantly, some consumers of this flower consume the spathe and throw away the spadix. Also, there is paucity of information on the protein quality of spathe and spadix of this flower. The purpose of this study, therefore, was to evaluate the protein quality and digestibility of different parts of Colocasia esculenta var. antiquorum flower.
MATERIALS AND METHODS Preparation of cooked samples
Fresh samples of flower (spathe and spadix) were brought from farmers in Dschang municipality, Cameroon. The spathe and spadix were separately washed with clean water and sliced using a stainless knife. The spliced samples were separately cooked (2 kg of samples with one liter of clean water) to dryness for one hour in stainless pots using a kitchen gas cooker (Arkays Double Burner Gas Stove, Model N° JNY-TH2). The cooked samples were separately cooled for 30 minutes and dehydrated in a moisture extraction oven at an average temperature of 60±2 °C for 12 hours. The cooked and dehydrated samples were separately ground using an electric blender (Moulinex Blender, Ref 0817896 ) to obtain meals which were stored in identified tightly corked stainless containers awaiting chemical analysis and formulation of test diets.
Chemical analyses
The cooked, dehydrated and ground samples of spathe and spadix were separately analyzed for proximate composition, dietary fibers and anti nutritional factors. All analyses were carried out in triplicate.
Proximate composition
The method of AOAC (1998) numbers was adopted for the estimation of crude proteins, crude fiber, ash and crude lipid. These analyses were necessary for the formulation of test diets.
Dietary fiber
The hemicellulose, cellulose and lignin contents were estimated using the method of Van Soest et al. (1999) . Analyses of neutral detergent fiber (NDF) which comprised of hemicellulose, cellulose and lignin, acid detergent fiber (ADF) which comprised of cellulose and lignin and acid detergent lignin (ADL) which represented the lignin fraction were carried out. Hemicellulose and cellulose were obtained by "difference method", where hemicellulose was the difference between NDF and ADF while cellulose the difference between ADF and ADL.
Hydrocyanide
The method of Bradbury et al. (1991) was used. Hydrocyanide in plants occurred in combination with sugars as cyanogenic glycosides. Hydrocyanide was released when the glycosides were hydrolyzed by enzymes. The cyanogenic glycosides were hydrolyzed to volatile hydrocyanide, β-glucose and acetone. The released hydrocyanide reacted with alkakine picrate to form a red colored complex which was colorimetrically read at 510 nm.The hydrocyanide concentration was obtained by multiplying the optical density by 396 and the results expressed as mg/100 g DM.
Phytate
The method of McCance and Widdowson (1947) was used. Phytate was extracted from the sample using 0.04 N hydrochloric acid. The phytate was precipitated as ferric chloride. The precipitate was converted to sodium phytate using sodium hydrohydrate before digestion with an acid mixture containing equal portions of concentrated sulphuric acid and 65% hypochloric acid. The phytate was determined by estimation of the total amount phosphorus liberated after digestion. The liberated phosphorus was quantitated colorimetrically at 620 nm after color development with molybdate solution.
Total oxalate
The method of Dye (1956) was used. The total oxalate was extracted from the sample and precipitated as calcium salt. This was dissolved in hot 25% sulphuric acid and the concentration of oxalate in solution determined by titrating against potassium permanganate solution. The concentration of the total oxalate in the sample was calculated and expressed as mg/100 g DM.
Formulation of experimental diets
A total of 4 diets were prepared as per ICN (1992) protocol. Table 1 gives the composition of the experimental diets. The 3 test diets were formulated on the basis of their proximate compositions with all the diets containing 10% protein. The protein free diet served as control, while the spathe-based, spadix-based, and spadix + spathe-based in the ratio of approximately 0.9:1 served as the three test diets.
Experimental design
A rat feeding study was carried out to determine the protein quality and digestibility of the test diets based on rat growth. The protein free-diet provided an estimate of metabolic fecal protein (MFP) needed for the calculation of true protein digestibility (TPD).
Twenty four (24) weanling male wistar rats (Ratus novergicers) aged 21-23 days with an average weight of 31.25±3.09 were used. The animals (rats) were divided into 4 groups (n = 6), with differences in average group weight not more than 3 as recommended by AOAC (1997). Control group was placed on protein free diet and the 3 test groups received respectively spathe-based, spadix-based and spadix + spathe-based diets.
The animal cages used were designed as described by Sarwar and Estatira (2003) . The animal were housed individually in stainless steel screening bottom cages (permitting free dropping of fece) in temperature-controlled (24-25 °C) and humidity-controlled (49-50%) facility with 12 h light/dark cycle. Highly absorbent paper was placed under the cages to catch spilled food and to minimize contamination of feces with urine. The rats were given the corresponding diets and water ad libitum for 14 days and records of daily food consumption and body weights were kept from the fifth day. The first 4 days were considered acclimatization period.
Protein digestibility determination
The total collection of feces from individual rats was carried out during the last 5 days of the experiment. Records of daily food consumption and body weights were also kept during this collection period. At the end of this period, the bulk feces for each rat was lyophilized, weighed and ground. Total Nitrogen content of the ground feces was determined using the method of AOAC (1998). Six individual protein digestibility values per diet were then calculated using protein intake and fecal output data for each rat. True protein digestibility (TPD) values were calculated using the Sarwar and Peace (1986) equation. , where PI = protein intake, FP = fecal protein and MFP = metabolic fecal protein.
The amount of protein in the feces of rats fed the protein free diet was used as the estimate for MFP. Protein efficiency ratio (PER) and Net protein ratio (NPR) values (10 days), were calculated using the following equations (Sarwar and Peace, 1994) . 
Data analysis
Statistical analyses were performed with the aid of SPSS for windows software programme (Release 11.0). Data were submitted to analysis of variance (ANOVA), and the test of Duncan was used to compare treatment means at a 5% significance level. Table 2a presents the proximate composition of the cooked and dehydrated spathe and spadix and table 2b the antinutritional factors.
RESULTS
The spadix showed significantly (p < 0.05) higher values crude protein (18.73% DM), crude lipid (10.8% DM) and crude fiber (34.47% DM) than spathe (17.14% DM crude protein, 6.76% DM crude lipid and 22.71% DM crude fiber). However, spathe contained higher values of ash (9.26% DM), cellulose (8.20% DM), phytate (0.06 mg/100 g DM), hydrocyanide (0.25 mg/100 g DM) and total oxalate (880.0 mg/100 g DM) than spadix (6.30% DM ash, 4.32% DM cellulose, 0.05 mg/100 g DM phytate, 0.24 mg/100 g DM hydrocyanide and 873.0 mg/100 g DM total oxalate).
The true protein digestibility (TPD), protein efficiency ratio (PER) and net protein ratio (NPR) of standard and test diets are showed in table 3.
Spathe had significantly (p < 0.05) the lowest TPD (53.0%) compared to spadix and spadix + spathe which had approximately the same TPD, 60.6% and 60.7% respectively.
Spathe + spadix showed significantly (p < 0.05) the highest PER value (1.76) compared to spadix (1.38) and spathe (1.00). The results showed that spadix + spathe had significantly (p < 0.05) the highest NPR (2.11), spadix (1.74) and spathe had the lowest (1.42).
The rat growth and food intake data needed to determine PER and NPR of the diets are also showed in table 3. The rats fed spadix + spathe (50.42 g) registered the highest food consumption, spadix diet (49.16 g) and spathe diet (41.12 g) had the lowest.
The weight gain followed approximately the same trend as the food consumption. The spadix + spathe diet showed the highest weight gain (8.86 g/10 days), spadix diet (6.76 g/10 days) and spathe diet (4.04 g/10 days) the lowest.
DISCUSSION
Chemical analyses are carried out to have an idea of the nutrient and non-nutrient contents of a food. The results of this study revealed different values of nutrients and nonnutrient in the spathe and spadix. This agrees with the studies of other researchers which revealed that different plant parts had different nutrient contents and nutrient availabilities (Hume and Purser, 1975; Ru and Fortune, 2000; Sundriyal and Sundriyal, 2004; Ebianadon et al., 2009 ). The nutrient values followed a trend similar to the findings of Agbor et al. (2005) though higher. However Agbor et al. (2005) used raw samples while this study involved cooked samples.
Also the NPR values of all the protein sources (spathe, spadix, and spadix plus spathe) were higher than the PER values (Table 3 ). The reason being that NPR method unlike the PER method credits protein used for both growth and maintenance (Sarwar, 1997) . The protein required to prevent weight loss of rats fed the protein-free diet is assumed to be equivalent to the protein needed for maintenance. PER measures only growth and not maintenance, hence NPR and TPD are more reliable than PER to determine the protein quality of a food Reis and Oliveira, 2008) .
Digestibility indicates protein availability showing the amount of ingested protein that is hydrolyzed by digestive enzymes and absorbed by the body (Reis and Oliveira, 2008) . Studies have revealed that the presence of certain anti-nutritional factors (phytate, cyanide, tannins, trypsin-inhibitors, hemagglutinins and gossypol) in plants can reduce protein digestibility (Frake and sharma, 1986; Aletor and Fetuga, 1988; Aletor, 1993; Aletor and Fasuyi, 1997) . The results of this study showed different values of phytate, hydrocyanide and total oxalate in spathe (Sarwar et al., 2005; Osman, 2007) . Also, dietary fiber could have an adverse effect on protein digestibility (Mongeau et al., 1989; Eggum, 1995; Hughes et al., 1996; Deges et al., 2007) . However, studies involving different types of dietary fiber showed that hemicellulose had no effect on protein digestibility while cellulose, pectin and gum decreased protein digestibility (Fleming and Lee, 1983; Mongeau et al., 1989; Urbano and Goni, 2002; Owusu-Asiedu et al., 2006) . Young and Pellet (1994) explained that the plant protein can be encased in cellulose walls, which are hard to penetrate and this makes proteins less accessible to digestive enzymes. This study recorded higher levels of cellulose in spathe than in spadix. This could have also contributed to the lower TPD observed in spathe. This study has demonstrated that rats fed on spadix diet had significantly ( ) higher NPR and TPD values than those fed spathe diet. This suggests that the proteins were more available in spadix than in spathe. The presence of certain inherent factors (phytate, cyanide and cellulose) may have militated against protein availability. However, NPR and TPD values were improved with the spadix + spathe diet. Hence, the consumers of Colocasia esculenta var. antiquorum flower are advised to consume either the spadix alone or a mixture of spadix + spathe and not spathe alone.
